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Mechanical and hand catching of broilers were performed to determine if
differences existed in breast meat quality among catching methods. Meat quality results
were summarized using a two-prong approach to investigate if average differences
existed in meat quality through the determination of ultimate pH, rapid pH decline, color,
water holding capacity, and tenderness within each treatment and by pinpointing
individual quality problems within treatments. Two trials were conducted and revealed
greater variation in meat quality during summer in comparison to winter within
treatments in both catching methods. In winter, there was a lower incidence (p<0.05) of
paleness in birds that were crated for 2h prior to euthanasia in comparison to birds
immediately euthanized after catching within both hand and machine catching methods.
Mechanical catching and crating for 2 hours was conducive to slightly better quality meat
than hand catching in respect to averages and individual quality problems.

DEDICATION

I would like to dedicate this thesis to my loving parents, Mangala gowri
Radhakrishnan and Radhakrishnan Santhanakrishnan, my loving sister Shanthi
Radhakrishnan, my beloved wife Revathy and my advisor Dr. Wes Schilling.

ii

ACKNOWLEDGEMENTS

It is a pleasure to thank the many people who made this thesis possible. I express
my sincere thanks to everyone who assisted and encouraged me with an impetus to
materialize my thesis. First of all, I would like to thank Dr. Wes Schilling, my advisor
and major professor, for his help, guidance, and support throughout the course of this
research and during my program of study here at Mississippi State University. My sincere
acknowledgements also go to my committee members, Dr. Yvonne Vizzier Thaxton, Dr.
Mike Martin, and Dr. Patti Coggins. I am also grateful to Dr. Youngmo Yoon and Mrs.
Vi Jackson for their sincere help during the experimentation of my thesis. I would like to
thank my family and friends (Mr. Vimal Kamadia, Mr. Jonathan Wilbourn and Ms.
Alessandra J. Pham) for their help and support. Last but not the least, my sincere thanks
to Paul White at Techno-Catch and Karen Christensen at O.K Industries for their support
of this project.

iii

TABLE OF CONTENTS

DEDICATION.................................................................................................................... ii
ACKNOWLEDGEMENTS............................................................................................... iii
LIST OF TABLES............................................................................................................. vi
LIST OF FIGURES .......................................................................................................... vii

I. INTRODUCTION .............................................................................................1
II. LITERATURE REVIEW ..................................................................................4
Environmental Stress .................................................................................. 4
Rigor Mortis................................................................................................ 4
Catching Methods ....................................................................................... 6
Protein Denaturation ................................................................................... 9
Animal Welfare........................................................................................... 9
Stunning .....................................................................................................10
Bleeding .....................................................................................................12
Ultimate pH................................................................................................13
Color ..........................................................................................................14
Water Holding Capacity ............................................................................15
Texture .......................................................................................................16
Pale, Soft, and Exudative (PSE) Meat .......................................................18
III. MATERIALS AND METHODS.....................................................................19
Broiler Harvesting......................................................................................19
Treatment Effects.......................................................................................20
Breast Removal and pH Determination .....................................................20
Color ..........................................................................................................21
Brine Absorption........................................................................................21
Drip Loss....................................................................................................22
iv

Cooking Loss .............................................................................................22
Expressible Moisture .................................................................................23
Purge Loss..................................................................................................23
Warner-Bratzler Shear Force Determination .............................................23
Incidence of PSE-like Meat, Rapid pH Decline, Extreme Paleness, and
Non-Tender Meat.................................................................................24
Statistical Analysis.....................................................................................24
IV. RESULTS AND DISCUSSION ......................................................................25
pH and Color Determination......................................................................25
Water Holding Capacity ............................................................................26
Warner-Bratzler Shear Values ...................................................................27
Incidence of Paleness, Rapid pH decline, Pale-rapid pH decline, Palelow ultimate pH, Pale-low water holding capacity, and Non-Tender
Meat .....................................................................................................28
V. CONCLUSIONS..............................................................................................38
REFERENCES ..................................................................................................................39

v

LIST OF TABLES

1. The effect of catching method on pH, instrumental color, water holding
capacity and tenderness (shear force Kg) of chicken breast (n=24)
that was harvested from broilers in the summer………………...… 33
2. The effect of catching method on pH, instrumental color, water holding
capacity and tenderness (shear force Kg) of chicken breast (n=24)
that was harvested from broilers in the winter………………….... 34
3. Quality problems relating to pH, color and tenderness between
machine and hand catching treatments in the summer and winter ....35

vi

LIST OF FIGURES

1. Mechanical Catcher Utilized to Harvest Broilers ........................................... 8
2. Percentage of chicken breasts that were pale (CIE L*>60), had a
rapid pH decline (pH15 min<6.0) were pale with a rapid pH decline,
were pale with high drip loss (>2%) and were not tender (shear
force>4.6 kg) for birds caught by hand and machine in the summer
(20-35oC). The following treatments were evaluated: Hand catching,
baseline (H1), Machine catching, baseline (M1), Hand catching,
immediately euthanized (H2), Machine catching, immediately
euthanized (M2), Hand catching, euthanized 2 h post-catch (H3),
Machine catching, euthanized 2 h post-catch
(M3)………………………………………………………………. 36
3. Percentage of chicken breasts that were pale (CIE L*>60), had a
rapid pH decline (pH15 min<6.0) were pale with a rapid pH decline,
were pale with high drip loss (>2%) and were not tender (shear
force>4.6 kg) for birds caught by hand and machine in the winter
(<4oC). The following treatments were evaluated: Hand catching,
baseline (H1), Machine catching, baseline (M1), Hand catching,
immediately euthanized (H2), Machine catching, immediately
euthanized (M2), Hand catching, euthanized 2 h post-catch (H3),
Machine catching, euthanized 2 h post-catch
(M3)………………………………………………………………..37

vii

CHAPTER I
INTRODUCTION

Broilers are caught either manually or through the use of a specially designed
catching machine. Common factors affecting poultry meat quality include environmental
stress (catching method, crating, and transportation), stunning, bleeding, slaughtering and
postmortem handling. Transportation involves various processes such as catching,
carrying, crating, loading, traveling and unloading (Jones, 1992). Previous studies have
revealed that broiler handling and catching methods can initiate stress that imparts
negative effects on broiler meat quality (Duncan et al., 1986). Also, antemortem stress
and postmortem glycolysis can lead to meat quality defects such as poor texture,
decreased water holding capacity, and increased incidence of pale, soft, and exudative
meat (Wismer-Pedersen, 1959; Bendall and Wismer-Pedersen, 1962; Stabursvik et al.,
1984; Offer, 1991; Fernandez et al., 1994, McKee and Sams, 1997). The increased
incidence of broiler breast meat that is pale, soft, and exudative (PSE) has become a
major problem affecting the poultry industry (McKee and Sams, 1997). PSE meat results
in poor processing yields and quality, rendering it unacceptable to consumers (Alvarado
and Sams, 2004).
Generally, broilers are caught and placed in cages after 6 to 7 weeks of growth
and then subsequently slaughtered. There is a considerable amount of stress involved
1

during the catching of these birds. Genetic make up of broilers determines the extent of
which they react toward these antemortem stressors. Studies based on pork conclude that
physiological and biochemical changes in the muscle during antemortem stress influence
the extent of the PSE condition in meat (Cassens et al., 1975). Important biochemical
changes induced by stress in broilers are the production of plasma corticosterone (CS)
(Kannan and Mench, 1996), release of epinephrine, and increased levels of
glucocorticoids accompanied by prolonged tonic immobility reactions (Jones, 1992).
These factors affect postmortem pH decline leading to enhanced protein denaturation
(Warriss et al., 1988). The duration of tonic immobility reaction time, behaviorally
determines the extent of fearfulness in the birds. Therefore, it is believed that mechanical
catching may improve animal welfare, since broilers were found to rapidly return to a
normal heart rate with a decreased duration of tonic immobility (Duncan et al., 1986).
However, Ekstrand et al., (1998), reported high injury and dead on arrival rates for
broilers caught by machine in comparison to those caught by hand. On the other hand,
Knierim and Gocke (2003), found significantly fewer injuries with machine catching and
no differences in dead on arrival levels among catching methods. These differences in
observations may be due to the fact that mechanical catchers are capable of catching birds
with very little bruising and downgrading. But successful catching is dependent on
operator training, attitude, and performance (Kettlewell and Turner, 1985).
An extensive study on mechanical catching was conducted by Nidjam et al.,
(2005). These researchers examined the effects of catching method on stress levels,
bruising, dead on arrival rates, and meat quality. These researchers found no differences
in stress levels and suggested that attempts to reduce stress in broilers during the last day
2

of life could be focused on factors other than catching methods. However, their results
revealed that mechanically caught broilers had slightly improved water holding capacity
in comparison to hand caught broilers during the fall season. There were also very few
differences in bruising and dead on arrival percentage. During the spring season, dead on
arrival rates were higher in mechanical catching than hand catching.
No research has been reported pertaining to the effect of catching method on a full
array of meat quality measurements including water holding capacity, color, texture, and
incidence of PSE meat. This study is designed to examine the effects of catching method
on average meat quality as well as to identify individual quality problems within each
method. This research was performed at the farm level to prevent any confounding in the
test parameters that could occur during transportation to the processing plant. This
research was also performed in conjunction with other studies that examined the effects
of catching method on broiler physiology and microbiology (Thaxton et al., 2006;
Vizzier-Thaxton et al., 2006).
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CHAPTER II
LITERATURE REVIEW

Environmental Stress
Fear that occurs during the catching process can lead to stress that is imparted on
the broilers (Jones, 1987). Studies have revealed that short term stress imparted on
broilers by both types of catching methods were similar. The heart rate of broilers caught
by machines returns to a normal rate significantly quicker than hand caught broilers
(Duncan et al., 1986), indicating that stress could be reduced by the use of upright
handling methods (Kannan and Mench, 1996). Broilers react to stress, imparted by
inversion by producing glucocorticoids and epinephrine in the muscle tissues and cells
(Lawrie, 1966), which can negatively affect meat quality. These effects continue even
after slaughter. To understand the effects of catching methods and thus the implications
of pre-harvested slaughter stress on broilers, it is imperative to understand the mechanism
of rigor mortis.

Rigor Mortis
Rigor Mortis, a phenomenon where the muscle fibers become non-extensible, is
an irreversible process that occurs more rapidly in poultry than in red meat. Rigor mortis
in poultry is complete within 3 hours of slaughter (Grey and Jones, 1977). Environmental
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stress, temperature, genetic profile, temperature decline, and type of stunning all have an
impact on the onset and course of rigor mortis (Fleming et al., 1991; McKee et al., 1997;
Pearson, 1987; and Sams et al., 1990).
Prior to slaughter, broiler muscle cells respire to produce and consume energy in
the form of adenosine triphosphate (ATP) from stored glycogen. This process occurs
aerobically, i.e., in the presence of oxygen. By-products formed during this process are
carried away with the help of blood circulation. After slaughter, broiler muscle cells
continue to respire using residual cellular oxygen. Upon O2 depletion, anaerobic
metabolism is initiated in the muscle tissues and continues to produce adenosine
triphosphate (ATP) from glycogen (Lawrie, 1991). As a result, lactic acid accumulates
due to the cessation of blood circulation and a lack of oxygen and ATP production is
reduced and eventually ceases. ATP acts as a plasticizer by dissociating actin and
myosin. In the absence of ATP, the dissociation process stops and actin and myosin form
an actomyosin complex. This condition marks the onset of rigor mortis. Actomyosin
continues to accumulate, until the muscle is no longer extensible (Lawrie, 1991). The
antemortem period (within 24 h of slaughter) imposes various stressors on broilers,
especially during catching and handling. These stressors can subsequently affect the
quality of the meat that is obtained from the carcasses of these broilers (Sams, 1999a).
Struggling during this period can accelerate the process of rigor mortis (Papinaho and
Fletcher, 1995). Before rigor sets in, the muscle is tender but becomes steadily tougher
due to the permanent cross-bridges formed between myosin and actin in the absence of
adenosine triphosphate (Pearson, 1987). Stress imparted on broilers prior to slaughter
leads to a rapid pH decline. This leads to myofibrillar and sarcoplasmic denaturation
5

resulting in low water holding capacity and causing the pale color in poultry meat (Sams,
1999b; Alvarado and Sams, 2003). Sams (1999b) also reported that antemortem stress
contributes to the development of pale, soft and exudative (PSE) meat. Thus, antemortem
environmental stress plays a vital role in the quality of the meat.
Short-term stressors such as loud noise, unfamiliar environment, fighting and
electric prod goading and long-term stressors such as sickness, dehydration,
malnourishment, heat, and cold cause a physiological response. These physiological
responses affect the conversion process of muscle to meat. Alternatively, preslaughter
treatments which induce different types of stress are much easier to control than the
postmortem biochemical reactions caused by stressful handling procedures (Honkavaara,
1989).

Catching Methods
The two different methods available for catching broilers include hand catching
and machine catching. Hand catching involves catching birds by hand and carrying them
in an inverted position until they are placed in crates for transportation (Nidjam et al.,
2005). This method is strenuous to workers since they undergo repetitive movements in
order to harvest broilers and place them in crates (Kettlewell and Turner, 1985).
Mechanical catching is a method in which specially designed machines are used
to catch broilers. This process was introduced due to labor shortages but it was
discovered that it may improve the welfare of poultry by reducing the amount of stress
that is induced during manual catching. Mechanical catching does not involve carrying
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the birds in an inverted position and eliminates human contact because birds are directly
sent to the crates using an inclined conveyor belt (Nidjam et al., 2005).
Literature obtained from Bayliss and Hinton (1990) and Ekstrand (1998) reveal
that catching method is one of the many factors affecting dead on arrival rates in broilers
(Nidjam et al., 2004). Also, studies conducted by Farsaie et al., (1983), Lacy and Czarick
(1994), and Ekstrand (1998), report that the method of catching is one of the major
factors that influences bruising in broilers (Nidjam et al., 2004).

7

Figure 1: Mechanical Catcher Utilized to Harvest Broilers.
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Protein Denaturation
Protein denaturation resulting from rapid pH decline when the carcass is still
warm causes higher drip loss, pale color, decreased tenderness, and decreased juiciness
(Rammouz et al., 2003; Solomon et al., 1998; Bendall and Wismer-Pedersen, 1962).
Denaturation is induced by rapid pH decline that occurs early postmortem as a result of
rapid metabolism combined with high carcass temperature (Schilling et al., 2004). This
denaturation process causes loss of protein functionality and induces PSE meat properties
(Warris et al., 1987; Fernandez et al., 1994). An important parameter that affects the
onset of rigor mortis is body temperature of the broiler at the time of slaughter/death
(Bilgili et al., 1989). There is an increased incidence of PSE meat in poultry and pork
during the summer due to the high environmental temperature and relative humidity.

Animal Welfare
During the 1990’s, rough handling of broilers was common and posed a welfare
problem, which needed much attention (Nicol and Scott, 1990). A high incidence of
physical injury and death occurred in poultry during handling and transportation, which
became a major concern of welfare groups and poultry producers (Jones, 1992).
Transportation and handling causes tonic immobility reactions in broilers, which
increases fearfulness (Cashman et al., 1989).
The poultry slaughter regulations (The 1971 Humane Conditions Act) requires
that poultry should not be subjected to any stress or pain and that they must be
slaughtered instantaneously by an approved method (Scott, 1978). Broilers are bruised by
inverted

handling

and

improper

transportation
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(Kannan

and

Mench,

1996).

Approximately 40% of bruises are caused during the catching and crating process and
may also lead to birds that are dead on arrival (DOA) at the poultry processing plant
(Griffiths, 1985). One study revealed that the welfare of broilers and the workers that
catch them could be improved by the use of a properly designed mechanical catching
method (Duncan et al., 1986).
Many billions of broilers are slaughtered every year throughout the world and
these birds are subjected to a series of steps before slaughtering (Nijdam et al., 2004). Up
to 0.57 % of broilers are dead on arrival (Bingham, 1986; Bayliss and Hinton, 1990;
Gregory and Austin, 1992; Warriss et al., 1992; Ekstrand, 1998; Nidjam et al., 2004), and
up to 25 % of broiler carcass are bruised (Farsaie et al., 1983; Ekstrand, 1998; Nidjam et
al., 2004). The welfare of broilers can be compromised prior to slaughter, which can lead
to financial losses, mortality, and injury rates (Nidjam et al., 2004). Effective killing and
stunning methods must be employed since this leads to rapid blood loss that ensures early
brain death and is considered as a more humane slaughter operation (Warriss, 1984). In
spite of the meat defects found, high electrical stunning was a humane method of
stunning when compared to low electrical or no stun because broilers do not regain
consciousness prior to slaughter (Gregory and Wotton, 1986; Gregory and Wilkins,
1989).

Stunning
Stunning is the process of immobilizing broilers prior to slaughter in processing
plants (Kang and Sams, 1999). The purpose of stunning is to reduce unconscious physical
activities such as wing flapping and violent muscular contractions after slaughter
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(McNeal and Fletcher, 2003). Stunning must be done properly since an improper stun can
cause broilers to regain consciousness prior to or during slaughter (Kettewell and
Hallworth, 1990).
There are various methods of stunning including electrical stunning, CO2
stunning, concussion, captive bolt stunning using air pressure (Lambooij et al., 1999),
and cervical dislocation (Scott, 1978). In electrical stunning, broilers are hung by their
legs on a metal cable and electrocuted (Heath, 1981) by passing over a water bath at 90 V
for four seconds (Richards and Skyes, 1967). Electrical stunning is the most commonly
used stunning method (Mountney, 1976). High current stunning causes increased carcass
and meat quality defects, increased red wing tips, broken bones and excess hemorrhaging
(McNeal and Fletcher, 2003). Alternatively, captive bolt stunning (using air pressure)
produces fewer defective carcasses than electrical stunning (Lambooij et al., 1999).
However, bleeding in electrically stunned broilers was observed to be faster during the
first 60 seconds after slaughter than in CO2 stunned broilers (Kang and Sams, 1999).
Hemorrhaging causes economic losses to the poultry industry since hemorrhaged breast
meat is trimmed away, thus reducing the quantity of meat that can be sold (Lambooij et
al., 1999).
In CO2 stunning, broilers are passed through a tunnel containing 40% CO2 for
more than 50 seconds to immobilize the broilers (Kotula et al., 1961). The CO2 stunning
method produces fewer defective carcasses and less blood loss than electrical stunning
(Hirschler and Sams, 1993). Results reveal that carbon dioxide stunning at a 33 – 36 %
concentration for 75 seconds was very effective and left broilers completely unconscious
throughout the shackling, cutting, and bleeding process (Scott, 1978). Cervical
11

dislocation is the process in which the broiler’s head is swiftly pulled away from the
body, which dislocates the neck at the junction of cervical vertebrae (Scott, 1978).
Studies conducted by Woelfel et al. (2002) and Young et al., (2004) reported that
broilers that were stunned by cervical dislocation and electrical stunning methods had
very similar average CIE (Commission Internationale de l’Eclairage) L* values (50– 52)
and similar average pH values (6.1– 6.3 at 10 – 30 minutes and 3 hours). Studies
conducted by van Laack et al., (2000) and Woelfel et al., (2002) reported similar average
ultimate pHs in pale (5.7 and 5.76) and normal meat (5.96 and 6.07) as well as similar
average CIE L* values for pale (both 60) and normal meat (51 and 55). These data were
collected on meat that was commercially harvested. In other research studies, pH at 15
min was reported between 6.3 and 6.6 for electrically stunned broiler carcasses
(Veeramutha et al., 1999; Debut et al., 2003). It was also reported that there were no
differences in CIE L* and ultimate pH of the breast meat between non-bled CO2 stunned
broilers and electrically stunned and exsanguinated broilers (Alvarado, 2007).

Bleeding
Death by blood loss is called exsanguination (Warriss, 1984). Exsanguination
and the resultant residual blood content in the carcass depend upon the degree of
physiological stress experienced by broilers during slaughter (Warriss, 1978).
Appropriate stunning and bleeding should be done to facilitate rapid blood loss. Studies
reveal that there is no significant difference in blood loss, meat pH, and shear between
CO2 stunned broilers and electrically stunned broilers (Hirschler and Sams, 1993).
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Broiler meat with blood trapped under skin and in blood vessels is not acceptable to
consumers, and hence proper bleeding is equated to quality (Davis and Coe, 1954).
The red skin present on some carcasses is not due to improper bleeding but may
be due to an inflammatory reaction that is a result of trauma incurred in the scald during
plucking (Heath et al., 1983). Another study states that red skin may occur because the
broilers are still able to mobilize erythrocytes in response to contact with hot water in the
scald and not because they are alive (Heath, 1981). In any case, proper bleeding must be
completed since it helps the dressing of carcass and is more aesthetically desirable
(Warriss, 1984).

Ultimate pH
Ultimate pH is the pH at 24 hours postmortem. Ultimate pH and the incidence of
pale, soft, exudative meat are interrelated, because PSE muscle develops when the
postmortem pH decline rate is rapid while the muscle temperature is high. This condition
induces protein denaturation that results in PSE meat (Barbut, 1993; Fletcher, 1999; Sales
and Melett, 1996; Van Laack et al., 2000). PSE meat usually has an ultimate pH that is
lower than non-PSE meat.
High amounts of lactic acid due to preslaughter stress results in low pH due to
rapid pH decline when the carcass temperature is still high. Thus before rigor mortis sets
in, protein denaturation and shrinkage occurs leaving the muscle less able to bind water.
(Berg et al., 2003). Whereas, low amounts of lactic acid due to long term stress, results in
high pH because of the lower concentration of intramuscular glycogen (Berg et al., 2003).

13

Color
Consumers use physical appearance as a basis for assessing quality before
purchasing poultry products. It serves as an important quality attribute because
consumers are more likely to pay more for products that have acceptable color (Alvarado
and Sams, 2004). Factors such as pH, presence and concentration of nitrites, myoglobin,
and the oxidation state of the iron in the muscle affect the final color of the meat (Hedrick
et al., 1989; Fletcher, 1999). The color of meat is not only affected by protein
denaturation but also due to the close arrangement of myofilaments at low pH. The
conditions such as pH, presence and concentration of nitrites, myoglobin, and the
oxidation state of the iron in the meat results in light scattering that causes the meat to
appear pale (Alvarado and Sams, 2004).
Poultry meat color is determined by measuring CIE L* a* b* values. These values
are standardized by CIE and indicate the lightness (L*), redness (a*) and yellowness (b*)
of objects (Liu et al., 2004). CIE L* ranges between 0 and 100 (where 100 is light and 0
is dark). A positive CIE a* indicates redness and a positive CIE b* indicates yellowness
(Lyon and Lyon, 2002). Many studies determine meat color by averaging 3 readings for
each sample that are determined using a colorimeter (Liu et al., 2004, Liu et al., 2003).
The incidence of paleness or the PSE condition in broiler breast has been
estimated using CIE L* values (Van Laack et al., 2000; Barbut, 1998; Woelfel et al.,
2002). Studies conducted by Van Laack et al., (2000) and Woelfel et al., (2002) found
that the average CIE L* values of pale meat was 60, while Barbut (1998) used CIE L* >
55 as the cutoff point for identifying PSE meat. Van Laack et al., (2000) reported that
meat with a CIE L* value of 55 as normal meat and a CIE L* value of 60 as PSE meat.
14

These researchers also stated that high CIE L* values along with a low ultimate pH
(lower than 5.7), were signs of pale meat with low water holding capacity.

Water Holding Capacity
Studies suggest that an early onset of rigor mortis at a higher carcass temperature
might increase protein denaturation and lead to decreased water holding capacity (Dunn
et al., 2000). Data from other studies show that low ultimate pH may cause paleness and
poor water holding capacity (Van Laack et al., 2000).
Usually during broiler harvesting, birds are not fed during the last 4 to 10 h prior
to slaughter, to avoid chances of fecal contamination in process equipments as well as
bacterial contamination of the meat (Young et al., 2004). This group also stated that the
stress induced during transportation and lairage may lead to severe glycogen loss in the
muscles. This delays the anaerobic production of lactate and thus delays the rate of pH
decline (Young et al., 2004). Decline in pH is critical for the onset of rigor mortis. This
delay in the decline of pH delays the protein denaturation process and rigor mortis. This
has a prominent effect on the water holding capacity and color of the meat (Young et al.,
2004).

It should increase the water holding capacity, by decreasing drip loss and

increasing cooking yields. Higher drip loss is reflective of poor meat quality and
consumers dislike packages of meat with substantial purge. Thus, measuring drip loss and
cooking yield can be used as a measure to determine the effect of catching method on
water holding capacity.
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Texture
Tenderness is an important characteristic that consumers use to assess the
acceptability of poultry meat (Goodwin and Maness, 1983; Lyon and Lyon, 1996). The
changes that occur in meat post rigor mortis, have a profound effect on meat tenderness.
Tenderness is associated with the sarcomere length within muscle fibers (Locker, 1960).
Tenderness of broiler meat is more associated with the myofibrillar disruption and
sarcomere length than the pH or rate of disappearance of ATP (Thompson et al., 1987).
In general, factors (or a combination of factors) such as genetics, biological and
physiological differences, slaughter conditions, and post mortem storage affect meat
tenderness (Koohmaraie, 1996). The aging process, infliction of rigor based on stress
level, degree of protein denaturation, stiffness of the carcass, and unit length of the
sarcomere also greatly affect the tenderness of the meat (Pearson, 1987).
The force that tends to cause atoms of a structure to slide past each other is called
‘Shear force’. Shear values of breast meat are lowered through performing muscle
tensioning procedures and using electrical stimulation (Birkhold and Sams, 1995).
Carcasses chilled at -12˚ C had lower cooking losses and lower shear force values than
carcasses chilled at 0˚ C (Dunn and Tolland, 1993). The most utilized method and one of
the oldest application of this principle with biological materials is the Warner-Bratzler
Shear Force method (Szczesnizk and Torgeson, 1965).
The major factor affecting tenderness of meat is the postmortem chemical
reactions that are a resultant of the preslaughter stress (Berg et al., 2003). Preslaughter
stress elevates the heart rate and blood pressure, and as anaerobic metabolism proceeds
after slaughter, more lactic acid is generated in the muscle (Berg et al., 2003).
16

The poultry industry ages broiler meat for at least 4 hours (allowed to complete
rigor mortis) before deboning to prevent the formation of non-tender meat (De Fremery
and Pool, 1960; Stewart et al., 1984; Dawson et al., 1987; Zocchi and Sams, 1999). If the
process of deboning is performed before the completion of rigor mortis, the meat will be
less tender (Alvarado and Sams, 2004).
In order to avoid labor costs and the extended processing time without sacrificing
tenderness, early deboning is made possible through marination (Young et al., 1991;
Yong and Lyon, 1997). Marinating meat with a salt solution containing sodium tri-polyphosphate improves the texture/tenderness of breast meat (Barbut et al., 1988; Palladino
and Ball, 1979; Goodwin and Maness, 1984). The ions from the salt solution that is
dispersed into the meat during marination causes a tenderizing effect by
associating/binding to the proteins. Ion coated muscle fibers repel each other (Hamm,
1960), allowing increased water intake that results in increased tenderness of the meat
(Alvarado and Sams, 2004).
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Pale, Soft, and Exudative (PSE) Meat
Pale Soft Exudative (PSE) meat is undesirable to the poultry industry due to its
low meat quality and functionality. PSE meat has pale color, soft texture, and low water
holding capacity (Owens et al., 2000). These researchers also stated that PSE meat has
low cooking yields when compared to normal meat and has poor sliceability in processed
products due to decreased protein binding. PSE meat loses moisture during processing as
well as after packaging. PSE meat continues to drip moisture that accumulates in
packages and hence is undesirable for consumers (Dransfeild and Sosnicki, 1999). The
problems that are faced by the poultry industry include reduced yield, increased product
loss due to repackaging of meat that has an excess of moisture in the package, and extra
labor costs (Alvarado and Sams, 2004).
PSE is caused by protein denaturation that occurs in the muscle during rigor
mortis. The causes of protein denaturation are rapid glycolysis, low ultimate pH and a
slow rate of carcass chilling (Van Laack et al., 2000). The combination of rapid pH
decline in postmortem muscle and high carcass temperature leads to pale color, poor
water-holding capacity, and soft, dry texture. (Barbut, 1998; Sams, 1999). The incidence
of PSE meat in the broiler industry, is reported to be in the range of 2 to 20% (Vimini,
1996)
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CHAPTER III
MATERIALS AND METHODS

Broiler Harvesting
A tunnel-ventilated house (OK Industries, Fort Smith, AK) that is separated into
two equal units by a control room (4mx12m) was utilized in this study. One unit was
designated as the hand catch unit and the other unit was designated as the machine catch
unit. All birds that were utilized in the study were RX Ross 508 (Ross, Aviagen,
Huntsville, AL). Feed was withdrawn 11 h prior to catching and water was provided until
harvesting occurred. At 54 days of age, birds (n=24) were randomly selected and caught
manually from each unit and designated as hand catch baseline (HB) and machine catch
baseline (MB) treatments. At 54 days of age, the birds from the hand catch unit were
selected at random, caught manually and either immediately euthanized (H0, n=24) or
placed in standard industry live haul crates within the chicken house for 2 h prior to
euthanasia (H2, n=24).

At 54 days of age, birds from the machine catch unit were

caught using a manual catcher (Model Chickat, Technocatch, LLC, Kosciusko, MS)
operated by trained personnel and placed in live haul crates. Birds were randomly
selected from the crates and euthanized immediately (M0, n=24) or kept in the crates
within the chicken house for 2 h prior to euthanasia (M2, n=24).

19

For all treatments, birds were euthanized by cervical dislocation, and
exsanguination was not performed. HB and MB were sampled first, followed by M0 and
H0 birds. The H2 and M2 birds were then euthanized 2 h after the H0 and M0 birds.
Units were entered once to catch the birds and once to randomly sample the birds for
euthanasia. Once caught, birds were randomly selected form the live haul crates and
euthanized.

Treatment Effects
This experiment was performed twice to determine differences in meat quality
among the following 6 treatments during both the summer and winter seasons: hand catch
baseline (HB); hand catching, crated, euthanized at 0 h post-catch (H0); hand catching,
crated, euthanized 2 h post-crate (H2); machine catch baseline (MB); machine catching,
crated, euthanized at 0 h post-catch (M0); and machine catching, crated, euthanized 2 h
post-crate (M2).

Breast Removal and pH Determination
A pH meter (Model Accumet 61a, Fisher Scientific, Hampton, NH) was used to
measure pH at 15 min postmortem (pH15) by cutting the skin with poultry scissors and
inserting a pH probe (Model FlexipHet SS penetration tip, Cole Palmer, Vernon Hills, IL)
2.5 cm below the Pectoralis muscle at approximately 2.5 cm from the top of the breast
and 2.5 cm from the breastbone. The broilers were then eviscerated at 30 min postmortem
and the breast muscle was left on the breastbone and removed from the rest of the
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carcass. The Pectoralis muscles were removed at 4 hr postmortem since this amount of
aging has been shown to ensure that chicken breast meat is tender (Lyon and Lyon, 1990;
Schilling et al. 2003). Each Pectoralis muscle was cleaned with tap water, placed in
gallon size bags (Ziploc Brand bags, S.C. Johnson & Sin, Inc., Racine, WI) and stored on
ice (<7˚ C) to rapidly cool the meat. At 24 h postmortem, the samples were evaluated for
ultimate pH (pHu) as described previously as well as for meat color. At 48 h postmortem,
each Pectoralis muscle was individually vacuum packaged and stored (4˚C) for
additional meat quality measurements that were taken within 2 weeks of euthanasia.
Breast meat from the left Pectoralis muscles were utilized for pH, color, expressible
moisture, brine absorption, and drip loss measurements. Breast meat from the right
Pectoralis was utilized for purge loss, cooking loss, and shear force determinations.

Color
At 24 h postmortem, CIE L*, a*, and b* values of chicken breasts from each
treatment (20 oC) were determined using a chroma meter (Chromameter Model CR-200,
Minolta Camera Co., Ltd., Osaka, Japan Serial No C8202489). The Chromameter was
calibrated with a standard white calibration plate (Model No 20933026, Japan).
Measurements were taken at three locations on the medial portion of breast meat from the
Pectoralis muscle and average values were reported.

Brine Absorption
At 168-240 h postmortem, chicken breasts (n=12) from each treatment were
randomly selected and divided into four 0.908 kg portions for brine absorption
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measurements. A brine solution was added to each treatment (n=4) so that 15 % water,
1% sodium chloride (NaCl), and 0.5% sodium tripolyphosphate (STP) were in the
finished product. The brine solution was poured onto the broiler breast meat inside a
vacuum tumbler [Model No: HVT 30, Serial No: 30204, Holly metric corp. country side
IL – 60525], and the product was tumbled at 20 mm Hg for 30 min stopping every 15
min for 10 min to increase brine absorption. Brine absorption was calculated as a
percentage: [(final weight-initial weight)/initial weight)] x 100.

Drip Loss
At 168-240 h postmortem, a 25 mm cork borer was used to remove a cylindrical
core from each chicken breast (n=24) at a right angle to the muscle fiber direction
(Young et al., 2004). Each sample was weighed and then attached to a fishhook that was
secured to the lid of an airtight container to avoid evaporation. Samples were maintained
at a temperature of 4 to 6 oC for 28 h and reweighed. Drip loss was calculated as a
percentage: [(initial weight-final weight)/initial weight)] x 100.

Cooking Loss
At 96 h postmortem, chicken breasts (n=24) were weighed, placed in individual
bags and cooked by immersion in water at 85 oC for 25 min until an internal temperature
of 77 oC was obtained (Schilling et al., 2003). The bags were tempered at ambient
temperature (20 oC) before opening to drain the liquid. Then residual moisture was
removed from each breast with two paper towels and the samples were reweighed.
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Cooking loss was calculated as a percentage: [(Raw weight- Cooked weight)/Raw
weight)] x 100).

Expressible Moisture
At 240-336 h postmortem, expressible moisture was determined (n=24) using a
centrifugal method described by Juaregi et al. (1981).

Purge Loss
At 48 h postmortem, breasts from each bird (n=24) were weighed, individually
packaged in 15x20 cm, 3-mil high performance bags (Model 75840157 Vacuum
Pouches, KOCH Supplies Inc., Kansas City, MO) and sealed with a vacuum packaging
machine (Model HVT-30, Hollymatic Corp., Countryside, IL). Each package was stored
in a 4˚ C cooler for 48 h. After storage, the residual moisture was eliminated with a paper
towel and individual chicken breasts were reweighed. Purge loss was calculated as a
percentage: [(initial wt-final wt)/initial wt)] x 100.

Warner-Bratzler Shear Force Determination
Tenderness was assessed using an objective texture procedure (Meek et al., 2000).
Breasts that were used for cooking loss determinations were cooled to room temperature.
Six to eight adjacent 1 cm (width) x 1 cm (thickness) x 2 cm (length) strips were cut from
the frontal area of cooked breast parallel to the muscle fibers and then trimmed to a
thickness of 1 cm. Each strip was sheared once and the mean was calculated for each
breast. Samples were sheared perpendicular to the muscle fiber using a Warner-Bratzler
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shear attachment mounted on an Instron (Model 1011, Instron Corporation, Canton, MA)
using a 50 kg load transducer and a crosshead speed of 200 mm/min.

Incidence of PSE-like Meat, Rapid pH Decline, Extreme Paleness, and Non-Tender
Meat
Right and left breast fillets from each broiler were evaluated to determine possible
quality problems within each treatment including PSE-like, (CIE L* > 60 and drip loss >
3% or pH15 < 6.0, or pHu < 5.6), rapid pH decline (pH15 < 6.0), paleness (CIE L* > 60),
extreme paleness (CIE L* > 64), and non-tender meat (Shear value > 45 N).

Statistical Analysis
A randomized complete block design (n=24) was utilized to test the treatment
effects of catching method on average meat quality for both the summer and winter.
This design allowed for viewing overall differences among the six treatments. When
significant differences occurred for a response (p<0.05). The Least Significant Difference
Test (p<0.05) was performed to separate treatment means. In both the summer and
winter, binomial probability testing was also performed (p<0.05) to determine if catching
treatments differed from the average of the baseline birds in regards to PSE--like, rapid
pH decline, percentage paleness, non-tender meat, and total individual quality problems.
Binomial probability testing (p<0.05) was also utilized to test for differences in
individual quality problems among the combination of summer and winter treatments.
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CHAPTER IV
RESULTS AND DISCUSSION

pH and Color Determination
There was more variation within each treatment in respect to meat quality
measurements than there were among treatments, demonstrating that on average there is
more variation in breast meat quality among the population of birds than can be attributed
to the catching treatments. The average value for 15 min pH of broilers that were
mechanically harvested and euthanized 2 h post catch, were significantly higher (p<0.05)
than all other treatments in the summer (Table 1). Studies have shown that pH is among
the factors that impact the onset and course of rigor mortis (Fleming et al., 1991; McKee
et al., 1997; Pearson, 1987; Sams et al., 1990). Also, some researchers have reported that
catching of broilers can cause stress that facilitates rapid pH decline (Sams, 1999;
Alvarado and Sams, 2002). Since the pH decline was not as rapid as the other treatments
in the mechanically harvested broilers that were euthanized 2 h post-catch, these broilers
may have endured less stress. The average value for 24 h pH was not significantly
different (p<0.05), (5.80 – 5.97) (Table 1). These values are characteristic of the 24 h pH
for broiler breast meat (Sams, 1999; Van Laack et al., 2000; Woelfel et al., 2002). In the
winter season, the machine catch and immediately euthanized treatments had a lower
(p<0.05) 15 min pH than the machine catch baseline and hand catch treatment that was
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crated for 2 hour and than euthanized. No other differences existed (p>0.05) among
treatments. No differences (p>0.05) occurred among treatments for 24 h pH (Table 2).
CIE L* is a measurement of lightness, CIE a* is a measurement of redness, and
CIE b* is a measurement of yellowness. The CIE L * and CIE a * values were lower
(p<0.05) and higher in the hand catch baseline treatment when compared to the rest of the
treatments in the summer (Table 1). The machine catching treatment that was euthanized
2 h post catch also had a lower (p<0.05) CIE L* value than the machine catch baseline
and hand catch, immediately euthanized treatments. In the winter, the machine catch,
immediately euthanized and the machine catch, euthanized 2 h post-catch had lower
(p<0.05) CIE L* values than the baseline treatments and the hand catch treatment that
was immediately euthanized. No differences existed (p>0.05) in CIE a* value in the
winter. For all treatments, high CIE L* values or low pH's may be partially attributed to
stressors that occur within a short amount of time between catching, crating, and
euthanasia (Nidjam et al., 2004). On average, there were some tendencies for differences
in treatments among pH and color but there were no inherent quality issues in a majority
of breasts within any treatment.

Water Holding Capacity
Cooking loss was highly variable in all treatments in both the summer and winter
months and no trends were evident (Table 1 and 2). Drip loss was lower (p<0.05) for M3
than all other treatments in the summer except for M1, but no differences existed in the
winter. In the summer, expressible moisture values ranged from 38 to 44 % and M1 (38
%) and M3 (39 %) were lower (p<0.05) than H3 (44 %) but no other differences (p>0.05)
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existed. These values were similar to those reported previously (Jauregui et al., 1981).
Brine absorption values ranged from 19.8 to 21.1 % in the summer and no differences
existed among treatments. Since no differences in brine absorption occurred in the
summer, the analysis was not repeated in the winter. These results reveal that on average,
mechanical catching and waiting for 2 h prior to euthanasia (M3) had lower (better) drip
loss and expressible moisture than the other treatments, but that there was still more
variation among the 24 birds within each treatment than there was among treatments.
Difference that occurred may be attributed to stress that is imparted to the broilers during
catching.

Warner-Bratzler Shear Values
In the summer trial, meat from M2 birds was less tender (p<0.05) on average than
the hand caught (H1, H3), and machine caught (M1, M3) birds (Table 1). In the winter
trial, M3 was more tender (p<0.05) than all other treatments except H1 and M1 (Table 2),
but all treatments were very tender on average (Schilling et al., 2003). Even though
statistical differences existed between the two methods, the majority of consumers (> 90
%) would find that all of the breast samples would have acceptable tenderness (Schilling
et al., 2003). There was also a large amount of variation in treatments with values ranging
from 16 to 55 N. Nevertheless, almost all breasts required less than 30 N to shear through
the breast meat. There were 3 breasts identified to be outliers (>45 N) out of 288 chicken
breasts that were considered not tender, but over 50 % of consumers would still find these
samples acceptable in tenderness according to results previously reported (Schilling et
al., 2003).
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Incidence of Paleness, Rapid pH decline, Pale-rapid pH decline, Pale-low ultimate
pH, Pale-low water holding capacity, and Non-Tender Meat
Since there is no literature on guidelines for determination of the PSE condition in
poultry, pale-rapid pH decline was used to describe pale meat with a rapid pH decline
(pH 15 min < 6.0), and pale-low water holding capacity was used to describe pale meat
with a high drip loss (drip loss > 2.0 %). Previous studies have estimated the incidence
of paleness and/or the PSE condition in broiler breast using CIE L* values (Van Laack et
al., 2000; Barbut, 1998; Woelfel et al., 2002). The average CIE L* value for pale meat
was 60 in two studies (Van Laack et al., 2000; Woelfel et al., 2002) and a CIE L* value
greater than 55 was used as a cutoff to determine PSE meat in another study (Barbut,
1998). Van Laack et al., (2000) reported that breasts appearing to be normal had CIE L*
values of 55 and those appearing to be pale had CIE L * values of 60 and stated that high
CIE L* values and a low ultimate pH (5.7<) were indicative of broiler breast meat that
was pale in color with low water-holding capacity.
Cervical dislocation without exsanguination was the method of euthanasia used in
this study. It should also be noted here that cervical dislocation, carbon dioxide stunning,
and electrical stimulation would all accelerate postmortem pH decline.

Due to the

combination of these factors, it is very important to be careful in the comparison of these
results to the quality of breast meat that is yielded from commercial plants (Van Laack et
al., 2000; Barbut, 1998; Woelfel et al., 2002).
However, there should be no problem comparing the treatment effects to each
other in the study since all treatments were treated identically other than the catching
method and holding time posterior to catching. Also, data that has been reported in
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regards to cervical dislocation (Young et al., 2003) has very similar CIE L* values (50.9
at 4 h postmortem) and similar pH (6.1-6.3 at 10-30 min and 4 hr pH) to values reported
for commercially processed birds (52.2 at 24 h and 6.07 (3 hr and ultimate pH)) that
yielded normal broiler breast meat (Woelfel et al., 2002).
CIE L* and average ultimate pHs from our study (5.68-5.97) are also very similar
to ultimate pH values reported for breast meat that was harvested from broilers processed
in commercial plants. Researchers have reported average ultimate pH values of 5.7 and
5.76 for pale meat and 5.96 and 6.07 for normal meat (Van Laack et al., 2000; Woelfel et
al., 2002). These authors also reported average CIE L * values of 60 for pale meat and 51
and 55 for normal meat at 24 h postmortem, respectively (Van Laack et al., 2000;
Woelfel et al., 2002).
In other research studies, the pH at 15 min was between 6.3 and 6.6 for broiler
breast that was from electrically stunned carcasses that were electrically stimulated and
electrically stunned carcasses without electrical stimulation (Debut et al., 2003). These
values (pH at 15 min) are not very different from the average values in our study. It has
also been reported that there was no differences in CIE L* and ultimate pH of the breast
filet between non-bled CO2 stunned birds and electrically stunned and exsanguinated
broilers (Alvarado, 2007).
This data shows that the pale, low pH, and low water holding capacity
characteristics (pH and color) of breasts from birds that were cervically dislocated and
not-bled should be relatively comparable to breast meat from birds that are processed
commercially (Van Laack et al., 2000; Woelfel et al., 2002). It should also be noted that
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24 samples per treatment is not a large sample size so results listed below are helpful but
not completely explanatory of the effects of catching methods on meat quality.
In the summer trial, there was a significantly higher incidence of paleness in hand
catch treatments (> 50 %) in comparison to the baseline (< 25 %) and machine caught
treatments (< 30 %) (Table: 1). There was a low incidence of rapid pH decline in both
machine and hand catch treatments, but rapid pH decline was more prevalent in H2 and
H3 than any of the machine caught treatments. There was also a low incidence (< 5 %)
of pale-rapid pH decline, but H3 had the highest incidence in comparison to all other
treatments. A lower percentage of pale-low water holding capacity were also observed in
M3 than in H2 and H3, respectively. This may be partly due to the warm ambient
temperature in the summer as well as stressors related to catching, crating, and exposure
to the warm ambient temperature within the crates for 2 h prior to euthanasia. M2 had 2
non-tender samples (> 4.6 kg).

This result was unexpected since all breasts were

removed from the bone at 4 h postmortem, and breast meat is almost always more tender
when breasts are removed from the bone at 4 h or longer postmortem (Lyon, and Lyon,
1990; Schilling et al., 2003).
In the winter trial studies, M2, M3, and H3 had lower incidences of paleness than
the baseline treatment (Table 2). This may be due to a reduction of stressors due to
machine catching and/or waiting 2 h after crating to euthanize the birds. However, this
may not fully explain this phenomenon since the rapid pH decline was greater in M2 than
in the baseline or in any other treatments. There was one sample that was not tender
(H3), and the H3 and the M3 treatments had fewer quality issues than other treatments.
This was possibly due to two factors: 1) the 2 h time that the broilers had to rest between
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time of catching and euthanasia and 2) the cool ambient temperature (4˚ C) that allowed
the birds to relax (Sams, 1999) and return to a stable non-stressed state.
No other treatments except H3 revealed a significantly high number of quality
issues during the summer season (Table 3). The mechanical catching treatments only had
2 (M2) and 0 (M3) quality issues, respectively. This represents an incidence rate of 4 %;
while hand caught birds had an incidence of 25 % potential quality issues. The data
suggests that there may be a greater chance of having quality concerns with hand caught
birds than with machine caught birds during the summer. There were a total of 9 palelow pH samples, 5 extremely pale samples, 2 not-tender samples, and 2 samples
exhibiting rapid pH decline. This accounts for 18 out of 144 samples, a 12 % incidence
of potential quality issues in the summer. In the winter trial, only 7 potential quality
issues were observed and there were no differences seen among treatments. This was
less than a 5 % incidence.
These data reveal that there is no difference in meat quality when examining the
average differences or when analyzing individual quality issues in the winter. However,
in the summer, when there was an increased ambient temperature, a factor that is a
potential stressor, it appears that machine catching may have an advantage over hand
catching in reducing the incidence of quality issues and slightly improves the average
water holding capacity. Meat quality can be improved by reducing the stress that occurs
during the harvesting process, which includes catching, crating, transportation, unloading
and slaughtering. Machine catching may be one way to reduce the stress by reducing the
corticosterone levels (Kannan and Mench, 1996) However, the effectiveness of machine
catching is highly dependent on the attitude and competence of the machine operator
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(Kettlewell and Turner, 1985). It appeared that both hand and machine catching were
effective methods for yielding good quality meat. However, use of mechanical catchers
to enhance the meat quality of broilers seems promising, but further studies are needed to
verify these benefits.
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Table 1:

The effect of catching method on pH, instrumental color, water holding capacity and tenderness (shear force
Kg) of chicken breast (n=24) that was harvested from broilers in the summer.

Treatment
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Hand Catching 1
(Baseline)
Summer (H1)
Machine Catching 1
(Baseline)
Summer (M1)
Hand Catching 2
(Immediately Euthanized)
Summer (H2)
Machine Catching 2
(Immediately Euthanized)
Summer (M2)
Hand Catching 3
(2 hours post- catch)
Summer (H3)
Machine Catching 3
(2 hours post- catch)
Summer (M3)
Standard Error
a-c

pH
15 min

pH
24 hr

CIE L*
(Lightness)

CIE a*
(Redness)

CIE b*
(Yellowness)

Drip
loss %

Cooking
Loss %

Shear
Force
(kg)

6.15b

5.97a

55.9c

2.2a

6.7ab

1.4bc

19.4bc

2.4b

6.37b

5.93a

60.0a

1.0b

6.0abc

1.3bc

19.0bc

2.4b

6.34b

5.94a

60.5a

1.3b

5.7bc

1.9ab

18.3bc

2.1b

6.26b

5.85b

59.0ab

1.0b

5.2c

2.0ab

22.9a

2.9a

6.28b

5.80b

59.8ab

1.2b

7.0a

2.5a

20.5b

2.2b

6.50a

5.85b

58.3b

0.8b

6.4ab

0.8c

16.4c

2.1b

0.04

0.03

0.6

0.25

0.4

0.3

1.3

0.14

Means within a column with the same letter are not significantly different (p< 0.05)

Table 2:

The effect of catching method on pH, instrumental color, water holding capacity and tenderness (shear force Kg) of
chicken breast (n=24) that was harvested from broilers in the winter.

Treatment
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Hand Catching 1
(Baseline)
Winter (H1)
Machine Catching 1
(Baseline)
Winter (M1)
Hand Catching 2
(Immediately Euthanized)
Winter (H2)
Machine Catching 2
(Immediately Euthanized)
Winter (M2)
Hand Catching 3
(2 hours post- catch)
Winter (H3)
Machine Catching 3
(2 hours post- catch)
Winter (M3)
Standard Error
a-c

pH
15 min

pH
24 hr

CIE L*
(Lightness)

CIE a*
(Redness)

CIE b*
(Yellowness)

Drip
loss %

Cooking
Loss %

Shear
Force
(kg)

6.20ab

5.68a

59.0a

0.8a

9.8a

0.9a

24.9a

2.4ab

6.36a

5.74a

59.0ab

1.0a

8.2ab

0.9a

13.2c

2.6a

6.25ab

5.71a

58.6ab

1.1a

8.0b

1.1a

26.3a

2.1abc

6.10b

5.76a

56.4c

1.5a

8.6ab

1.1a

21.1b

2.0bc

6.27a

5.67a

56.9bc

1.1a

8.9ab

1.0a

20.6b

2.3ab

6.22ab

5.71a

56.6c

0.9a

8.2ab

1.5a

23.8ab

1.9 c

0.05

0.02

0.57

0.16

0.43

0.21

1.2

0.12

Means within a column with the same letter are not significantly different (p< 0.05)

Table 3: Quality problems relating to pH, color and tenderness between machine and hand catching treatments in the
summer and winter

Treatment
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Hand catching (H1), baseline, summer
Machine catching (M1), baseline, summer
Hand catching, immediately euthanized (H2), summer
Machine catching (M2), immediately euthanized, summer
Hand catching (H3), 2 hours post- catch, summer
Machine catching (M3), 2 hours post- catch, summer
Hand catching (H1), winter
Machine catching (M1), winter
Hand catching (H2), immediately euthanized, winter
Machine catching (M2), immediately euthanized, winter
Hand catching (H3), 2 hours post- catch, winter
Machine catching (M3), 2 hours post- catch, winter
a-b

Number of
Quality
problems
(n=24)
1b
3b
4b
2b
8a
0b
1b
1b
2b
1b
2b
0b

Nature of Quality problems
Extreme paleness (1)
Extreme paleness (2), pale-low pH (1)
Extreme paleness (2), pale-low pH (2)
Not-tender (2)
Pale-low pH (6) and rapid pH decline-low pH (2)
None
Pale-low pH (1) and rapid pH decline- low pH (1)
Pale-low pH (1)
Pale-low pH (2)
Rapid pH decline- low pH (1)
Rapid pH decline- low pH (1), not-tender (1)
None

Numbers with the same letter are not significantly different (p>0.05)

1

Severe quality problems
CIEL * > 64 = extreme paleness
CIEL * > 60 with a pH 15 min < 6.0 = pale-low pH
CIEL * > 60 with an ultimate pH < 5.6 = pale-low pH
pH 15 min < 6.0 and ultimate pH < 5.6 = Rapid pH decline-low pH
Shear value > 45.0 N = not-tender

2

H1=M1

60

a

54.2

CIE L* > 60

a

50.0

Percentage Incidence (%)

50

pH 15 min < 6.0
CIE L* > 60 and pH 15 min < 6.0

37.5

CIE L* > 60 and Drip Loss > 2%

40

Shear Force > 4.6 kg

33.3
a

29.2

30

25.0
a

20.8
20

16.7

16.7
12.5
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8.3

10

12.5
a

4.2

a

8.3

4.2
4.2

4.2

8.3

4.2

a

8.3

4.2

4.2

0
H1

M1

H2

M2

H3

M3

Treatments

Figure 2: Percentage of chicken breasts that were pale (CIE L*>60), had a rapid pH decline (pH15 min<6.0) were pale
with a rapid pH decline, were pale with high drip loss (>2%) and were not tender (Shear force >4.6 kg) for
birds caught by hand and machine in the summer (20-35ºC). The following treatments were evaluated: Hand
catching, baseline (H1), Machine catching, baseline (M1), Hand catching, immediately euthanized (H2),
Machine catching, immediately euthanized (M2), Hand catching, euthanized 2 h post-catch (H3) Machine
catching, euthanized 2 h post- catch (M3).
a
b

Indicates a higher incidence of that particular quality characteristic in comparison to the average of the baseline houses
Indicates a lower incidence of that particular characteristic in comparison to the average of the baseline houses
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37.5a
33.3

Percentage Incidence (%)

35
30

29.2

CIE L* > 60
pH 15 min < 6.0

25.0

CIE L* > 60 and pH 15 min < 6.0

25

CIE L* > 60 and Drip Loss > 2%
20

Shear Force > 4.6 kg

a

16.7

15
10

12.5
8.3

37

4.2

5

8.3

8.3b
4.2

4.2 4.2

8.3b

4.2

4.2a

4.2

0
H1

M1

H2

M2

H3

M3

Treatments

Figure 3: Percentage of chicken breasts that were pale (CIE L*>60), had a rapid pH decline (pH15 min<6.0) were pale
with a rapid pH decline, were pale with high drip loss (>2%) and were not tender (shear force>4.6 kg) for
birds caught by hand and machine in the winter (<4oC). The following treatments were evaluated: Hand
catching, baseline (H1), Machine catching, baseline (M1), Hand catching, immediately euthanized (H2),
Machine catching, immediately euthanized (M2), Hand catching, euthanized 2 h post-catch (H3), Machine
catching, euthanized 2 h post-catch (M3).
a
b

Indicates a higher incidence of that particular quality characteristic in comparison to the average of the baseline houses
Indicates a lower incidence of that particular characteristic in comparison to the average of the baseline houses

CHAPTER V
CONCLUSIONS
Either machine catching or hand catching methods can be used to yield good
quality breast meat. Mechanical catching may be more advantageous than hand catching
under stressful conditions such as summer temperatures since there was a tendency for
lower incidence of potential quality problems, including paleness and rapid pH decline.
Crating birds for 2 hours prior to euthanasia allowed for better meat quality than
performing euthanasia immediately after catching, especially in mechanically caught
birds during the summer season.
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